A mutation to an apparently new allele at the WMocus of the mouse arose spontaneously in a cross between two inbred strains. Heterozygotes have a broad white sash, leading to the name and symbol sash, W sh . Homozygotes are black-eyed whites which are viable, fertile and not anaemic, although the gene does cause mild haematopoietic defects. The original mutant animal also carried a spontaneous recessive lethal mutation on chromosome 5, mapping at 2 cM distal to the JF-locus.
INTRODUCTION
The W locus of the mouse has a high spontaneous mutation rate (Schlager & Dickie, 1971) with the result that a large number of mutant alleles are known, which have a varied constellation of effects on pigment formation, haematopoiesis and germ-cell development (Russell, 1979; Geissler, McFarland & Russell, 1981) . The most obvious manifestation of the haematopoietic defect is macrocytic anaemia, but in addition animals of some JF-genotypes show undue radiosensitivity, lack of colony-forming-unit-spleen (CFUs) cells, and lack of mast cells (Russell, 1979) . The effects on pigment formation lead to varying degrees of white-spotting, sometimes accompanied by dilution of the remaining pigment in the coat, and the failure of germ-cell development results in sterility of both males and females of certain genotypes. Closely linked to the WMocus on chromosome 5 are three other gene loci affecting pigment formation and leading to white spotting, namely the loci of patch, Ph, rump-white, Rw and recessive spotting, rs. Thus, these loci form part of a gene complex or gene cluster, but the details of the organisation and function of this cluster are not yet understood (Geissler et al. 1981) .
The present paper describes a new allele at the W-locus, which arose spontaneously and is apparently different from all previously described alleles. Its properties are of interest for further understanding of the genetics of the gene cluster.
The paper also describes a spontaneous recessive lethal mutation, found in the same animal as the original W-mutant. The lethal is closely linked to W but is apparently not functionally related to it. The finding of this lethal is of interest since there have been few reports of spontaneous mutations to early acting 316 MARY F. LYON AND P. H. GLENISTER recessive lethals in the mouse. Most known early lethals in the mouse have some visible effect in the heterozygote (McLaren, 1976) , and of course the well-known lethals of the ^-complex exist as polymorphisms rather than .new mutations (Bennett, 1975; Sherman & Wudl, 1977) .
ORIGIN AND GENETICS
A single female with a broad white belt or sash was born among the offspring of a cross between two inbred strains, C3H/HeH x 101/H. When crossed to a normal male from the same F l stock she produced 39 white-sashed offspring like herself (Plate 1) and 32 normal offspring. This suggested that the character was (i) Allelism with W The gene was next tested for allelism with the three closely linked dominant spotting loci on chromosome 5, each of which has at least one lethal allele, namely patch (Ph), rump-white (Rw) and the JF-locus, using the viable allele, W v . In each of the outcrosses to these three genes a new phenotype appeared, presumed to represent the double heterozygote. In the case of Ph and Rw the interaction with sash was little more than additive, and much pigment remained, particularly on the head (Plate 2). With W v , however, there was a markedly above additive interaction, so that the putative double heterozygotes were black-eyed whites (b.e.w.), in some cases having small patches of pigment on the ears. This interaction suggested that the sash gene might be alleiic with W, and it was given the name and symbol sash, W 8h .
A new allele sash (W sh ) at the W-locus 317 The allelism was confirmed by breeding tests of the putative heterozygotes ( (Table 1 , cross 2) showed that occasional black-eyed white animals (b.e.w.) occurred in these crosses. These b.e.w. differed only slightly from the W sh + / W + animals in that they were more likely to have small patches of pigment on or near the pinnae, and also in some cases had small pigmented patches at the base of the tail (Plate 1). When these b.e.w. were outcrossed all of their offspring (a total of 285) had a typical white sash characteristic of W sh /+ ( (
ii) Genetics of the lethality
In order to test this point, attempts were made to map the position of the lethal (symbol I) relative to the WMocus. The data from the intercrosses, of 9/804 b.e.w., indicated a recombination of I with W of 1-69 + 0-57%. In order to determine whether I was proximal or distal to W putative W sh l/ + + heterozygotes were crossed with go bf/go bf, where go (angora) and bf (buff) are two linked markers located 8 cM and 24 cM respectively distal to the WMocus. Therefore, if I was indeed In the heterozygote W sh / + the pattern of distribution of the white spotting is distinctive. The white sash is present in almost all heterozygotes. Among several hundred studied, only one or two have lacked the sash, but have been shown by genetic test to carry the gene. The width of the sash is variable (Plate 1), but in any individual is similar on dorsum and ventrum. In some cases a white head blaze is also present. The tail typically has a white tip but is not wholly white. In the pigmented areas of the coat there was no dilution of coat colour. Geissler et al. (1981) have described a number of different spotting patterns in heterozygotes for different JP-alleles, but none showed the distinctive white sash. The pigmentation pattern of W sh /W sh homozygotes, which are white except for small patches on or near the pinnae, and occasionally at the base of the tail, (Plate 1) is similar to that found in some other JF-alleles, particularly W 39 (Geissler et al. 1981) .
No deleterious effects on fertility were seen in either heterozygotes or homozygotes for W 8h . Numerous homozygotes of each sex were mated ( these groups the mean cell volume was measured and was slightly increased, indicating that the animals did indeed have a mild macrocytic anaemia. In one group of 10 W 8h /W sh mice the PCV was again slightly low, but this was not repeated in a second group, and the mean cell volume was within the normal range. None of the other genotypes showed any difference from normal.
3. DISCUSSION Geissler et al. (1981) have recently described a series of new VF-alleles. From this it is clear that numerous different alleles exist. The range of effect on pigmentation in the heterozygote varies from almost no effect to almost total lack of pigment. The effects on blood formation and germ cell development vary also; some alleles cause severe anaemia and are lethal when homozygous while others have milder effects, and W 44 has almost no effect. Similarly, most alleles cause severe impairment of fertility, whereas a few, such as W 41 and W? (Guenet et al. 1979) , permit normal fertility. Sash, W sh , appears to represent a new allele not only on the grounds of its distinctive coat pattern in the heterozygote, but also in that it has only minimal effects on both blood formation and germ-cell development, and all previously described alleles have had marked effects on one or other of these characteristics. The question may be asked whether it is correct to class W 8h as a JF-allele. The linkage data indicate that it belongs to the gene cluster on chromosome 5 composed of W, Ph, Rw and rs, but are not sufficiently extensive to indicate whether rare crossovers occur. Should W 8h perhaps be assigned to one of the other known loci in this cluster, or even to a new locus ?
The first point in the evidence for considering it as a TF-allele is its interaction with the typical JF-allele W v in coat pigmentation. A second point is the slight interaction with W v in reducing the PCV value, though it should be noted that W v I + heterozygotes do have a slight anaemia, even without the presence of other W^-alleles. Further evidence of effects on haematopoietic cells has been obtained by Loutit who showed that W 8h W 8h animals lack mast cells from both skin and intestine (Loutit, Peters & Stevens, 1981) (Loutit, Corp & Adams, 1982) . In sum, the evidence suggests that W 8h does have a mild effect on haematopoietic cells, and thus can validly be regarded as a PF-allele. The simultaneous discovery of W 8h and the lethal gene I is very interesting and unusual. One may speculate as to whether a single mutational event gave rise to both genes. In work with strong mutagens there have been cases in which mutations at two points on the same chromosome were apparently induced by the same event. An example is provided by the X-linked gene bare-patches, Bpa, in the mouse, which was apparently induced by the same event as an X-chromosome inversion with breakpoints both at some distance from the Bpa locus (Evans & 322 MARY F. LYON AND P. H. GLENISTER Phillips, 1975) . However, in this case there is no means of knowing whether the I mutation had arisen in the first sash female found, or whether it had been inherited from a previous generation. Recessive lethal genes which arise spontaneously in inbred strains are expected to persist for a few generations before being eliminated by natural selection (Haldane, 1936) . Hence, it is possible that the lethal was being carried in the C3H/HeH or 101/H strains used to set up the cross in which the original carrier of W 8h was found.
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